Brains, spinal cords, nerve roots, nerves and muscle tissues were removed from deer in southern New York State and examined for histologic evidence of infection by the causative agent of Lyme disease, Borrelia burgdorferi. There was no histologic evidence of this infection and only four of 26 deer had serologic evidence of past infection despite the fact that all were parasitized by the tick vector, Ixodes dammini. Of these ticks, 21% were carrying B. burgdorferi. In contrast, most of the deer had choroid plexitis. All but one of 48 deer tested were infected with Trypanosoma cervi, 20 of 24 deer had sarcocystis in skeletal muscles and two had dural lesions probably due to the nematode Pneumostrongylus tenuis. The causal relationship between choroid plexitis and trypanosomiasis is discussed.
neurological disorders such as those reported for humans with Lyme disease.I2
Materials and Methods
Samples of tissues and ticks were obtained in October 1985 from 42 white-tailed deer (Odocoileus virginianus) in West-Chester County, New York, an area known to be highly endemic for Lyme disease. 18 As a control, additional specimens were collected in November 1985 from ten deer in Dutchess County, New York, where no locally acquired human cases of Lyme disease have been reported (S. J. Marks, personal communication) . No clinical observations were made. The brains of 40 deer from Westchester County and ten deer from Dutchess County were fixed in formalin. The choroid plexuses of all except the first nine deer were dissected from all four ventricles, embedded in entirety in paraffin, sectioned and stained with hematoxylin and eosin (HE). In addition, sections of all available cranial nerves and various areas of brain (cerebral and cerebellar hemispheres, diencephalon, pons and medulla) were studied. All of these blocks included meninges, but extra arachnoid stripped from ventral pons and medulla was also studied in 20 deer. Spinal cords (multiple levels, mostly cervical) of 14 deer and sciatic nerves and muscles of 26 deer were included in the study. Paravertebral muscle was conveniently available on the spinal columns. Both longitudinal and cross-sections were made of nerve and muscle. Choroid plexuses were examined at 100 x magnification, and inflammatory foci were counted. Any collection of a dozen or more inflammatory cells was considered an infiltrate.
For controls in histologic studies, bovine choroid plexuses (four adult males and four calves from an abbatoir in New Jersey) were processed in the same manner. Brains of seven white-footed mice (Peromyscus leucopus) collected from Westchester County were fixed, sliced, and embedded in entirety.
After ticks found on deer were identified to species, their midguts were removed and smeared onto glass microscope slides. These preparations were then fixed in acetone for 10 minutes and stained with fluorescein isothiocyanate-labeled rabbit antibodies to B. burgdorferi as previously described.I0 Serum specimens from 26 deer were analyzed by indirect fluorescent antibody staining for total immunoglobulins to B. burgdorferi, a method of known specificity.Ia Attempts were made to isolate organisms from 42 deer killed in Westchester County and six deer killed in Dutchess County, New York by inoculating blood and spleen tissue into duplicate tubes of Barbour-Stoenner-Kelly (BSK) medium containing 0.1% agarose (Seakem LE, FMC Corp., Rockland, ME).3,6 One or two drops of heparinized blood from the heart were inoculated into 8 ml of BSK medium ca. 18 hours after death. The delay was due to the time required for transportation and processing of the large number of specimens. Tissues (ca. 4 cubic millimeters) from spleen were excised aseptically 18-36 hours after each animal was killed and were triturated in 7 
Results
The folds and papillae of the deer choroid plexuses consisted of large capillaries separated from the overlying choroidal epithelium by scanty connective tissue stroma. The stroma was expanded and edematous in some folds and papillae. Inflammatory foci were found in plexuses from all ventricles. They were present in both compact and expanded areas of stroma, but they were more readily detected in the latter (Figs. 1, 2) . Plasma cells or lymphocytes predominated, but histiocytes were also present. Russell body cells were seen only once. Histiocytes were sometimes vacuolated. The infiltrating cells were often arranged as compact nodules adjacent to, or surrounding, a capillary, or in the deeper portions of the plexus, a vein or artery. Other infiltrates were difisely dispersed in the plexus stroma or, occasionally, aligned under the epithelium. Only twice was there evidence of penetration of the epithelium. A typical infiltrate consisted of 50-100 inflammatory cells in the 5 pm paraffin sections.
The prevalence and seventy of choroid plexitis in deer from Westchester County where hundreds of human cases of Lyme disease have been reported,'* and from Dutchess County where no cases have been reported, were compared by Student's t-test (Table 1 ). There were no significant differences in the number of lesions in these study groups (t = -1.4, P > 0.05). All deer collected at the Westchester site were parasitized by I. dummini (3 = 79.1 ticks per animal). Twentyone percent of 652 ticks examined were infected with B. bwgdorfiri. There was no correlation between the number of I. dummini attached to deer and the number of brain lesions (Spearman r = 0.18, P > 0.05). Serum specimens collected from 26 deer in West-Chester County were analyzed by indirect fluorescent antibody staining for immunoglobulins to B. burgdorferi. There was no significant correlation between the number of lesions and seropositivity (Spearman r = 0.23, P > 0.05). Four sera had titers of 1 :64 or 1 : 128. Three of these were noted for animals that had more than ten inflammatory lesions while the remaining deer that had evidence of prior spirochete infection had no choroid plexitis. All ten deer from Dutchess County were seronegative (L. A. Magnarelli, unpublished data).
A single inflammatory focus was found in the arachnoid, and there was no inflammation in the brains, spinal cords, or cranial nerves. Sciatic nerves of three deer had one, one, or three infiltrates, respectively. These consisted of less than a dozen mononuclear cells, and they were located in epineurium, not in the nerve parenchyma. In two deer, the cerebral dura had extensive chronic inflammation and fibrosis. Although examinations were not made to locate nematodes, the dural lesions were suggestive of infestation by Pneumustrungylus tenuis.'J One of these two deer had six inflammatory foci in the choroid plexus, but the other had none.
Slides of muscle tissues included an area of approximately 4.4 cm2. This was sufficient to reveal sarcocystis parasites, not identified as to species, in 20 of 24 deer. The degree of infection varied from one to 22 cysts on a single slide (X = 5.5). The parasites were within or between muscle fibers and had elicited no inflammatory reaction. Foci of 10-20 lymphocytes, from one to four on the entire slide, were seen in 18 of the 24 deer, but they never contained or were contiguous to the sarcocystis. Two foci contained a necrotic muscle fiber. One focus had eosinophils and a multinucleated giant cell. The number (as well as the location) of inflammatory foci had no relation to the extent of parasitic infection.
Trypanosoma cervi8 were isolated from blood or spleen from 41 of 42 deer tested from Westchester County and from all six deer examined from Dutchess County.
For comparison with the deer, choroid plexitis was sought in bovines and white-footed mice, but only three of these animals had lesions, and the lesions were few in number (Table 1 ).
Discussion
No lesions were found in brains, spinal cords, cranial nerves or sciatic nerves that could be linked to B. burgdorferi infection despite the exposure of the deer to ticks known to be carrying spirochetes. Although serological results indicated a low number of deer with antibodies to B. burgdorferi, all of the deer from West-Chester County had been exposed to spirochete-infected ticks and may have become infected. One cannot assume that the infection will have the same organotropism in deer as in man, and even in man the nervous system is not affected in every case. Therefore, despite the large number of deer examined, we were unable to clarify whether potentially infected deer have neural involvement similar to Lyme disease in man.
The choroid plexitis in deer was probably not a manifestation of Lyme disease as it did not correlate with the presence of antibodies to B. burgdorferi or with the abundance of infected ticks on individual deer, and The choroid plexus is known to be a target for antigen-antibody complexes, but immune complex fixation is not usually accompanied by inflammation, at least in the rat. 13 There are many bacteria, protozoans and viruses that can affect the choroid plexus.5 For example, lymphocytic choriomeningitis virus has a predilection for this tissue. The parasitic nematode, Pneumustrungylus tenuis, is known to cause dural lesions similar to those present in two of our deer,1,2 but there is no reason to relate it to the choroid plexitis. The occurrence of these dural lesions was much less frequent than the choroid plexitis, and they did not correlate with one another. A relation between choroid plexitis and nematodes has not been suggested previ-ous1y.1.2 Trypanosomes may be the likeliest cause of the choroid plexitis in deer. In the present study, T. cervz were found in all but one of the cultures of the deer blood and spleens. Trypanosomes of several different species lodge in the choroid plexus of man and many animal species during natural or experimental trypanosomia~is.~~~J
The high prevalence of choroid plexitis was revealed by studying the plexuses in entirety. The cases with extensive inflammation would probably have been noted if routine brain sections included choroid plexus. However, many of the other cases would have been missed in a routine study. Although most of our slides of brain tissues included meninges and extra meninges were stripped off the brain stem, it was not possible to examine the meninges in entirety. Therefore, absence of inflammatory changes in the limited amount of meninges examined did not conclusively indicate a complete lack of lesions in this tissue.
